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From our knowledge and after several investigations, we found limited psychological or neuropsychological 
tests with normative data modified for Saudi individuals 
in Saudi Arabia. Therefore, the aim of this study is to 
describe the work that has been carried out to modify these 
tests. The availability of Arabic versions of the Wisconsin 
ABSTRACT
 ةيلماعلا  سيياقلما  نم ةعومجلم ةيرايعلما  تانايبلا  عمج  :فادهلأا
 رابتخا  :يلاتلاك  سيياقلما  هذهو  ةيدوعسلا  ةئيبلا  ىلع  اهقيبطتو
 رابتخاو  ،بورتس  رابتخاو  ،تاقاطبلا  فينصتل  نوسنوكسيو
 نم  ةلدُعلما  ةخسنلاو  ،روصلا  لامكإ  رابتخاو  ،يظفل  ريغلا  ءاكذلا
 تانايبلا هذه مادختسا مث نمو ،ينغلابلا ءاكذ سايقل رلسكو رابتخا
.ةردقلما رادحنلاا تلاداعم ىلع لوصلحا لجأ نم ةيرايعلما
 ىفشتسبم  باصعلأا  مسق  يف  ةساردلا  هذه  تيرجُأ   :ةقيرطلا
 للاخ كلذو ةيدوعسلا  ةيبرعلا  ةكلملما  ،ضايرلاب  ةحلسلما  تاوقلا
 ًادرف  198  ةساردلا  هذه  تلمشو  ،م2002  ىلإ  م2000  نم  ةرتفلا
 ،سنلجاو  ،رمعلا  :ةيلاتلا  تاريغتلما  ليثمتل  مهرايتخا  تم  ًاميلس
 تم  مث  نمو  .ةيداصتقلااو  ةيعامتجلاا  ةقبطلاو  ،ميلعتلا  تاونسو
 قبس يتلا سيياقلما قيبطت للاخ نم ةيرايعلما تانايبلا ىلع لوصلحا
 .ينكراشلما ىلع اهركذ
 قيبطت للاخ نم ةيرايعلما تانايبلا ىلع لوصلحا تم دقل  :جئاتنلا
 لمع  تم  كلذ  ءوض  ىلعو  ،ينكراشلما  ىلع  ةيسايقلا  تارابتخلاا
 ةيرمعلا تائفلا اهيلع تلصح يتلا تاملاعلا مهفل ةصالخا لوادلجا
 جئاتنب  أبنتت  يتلا  رادحنلاا  تلاداعم  ىلع  لوصلحا  تمو  .ةفلتخلما
.ةباصلإا لبق ةيلقعلا ىضرلما تاردق
 ةثلاثب ةصالخا ةيرايعلما تانايبلا عمجب ةساردلا هذه تماق  :ةتماخ
 سيياقلما  ىلإ  ةفاضلإاب  ،يهبلجا  صفلا  ةفيظو  ليلحتل  سيياقم
 كلذو ةماعلا  ةيلقعلا  تاردقلا  ليلحتل  اهقيبطت متي  يتلا  ىرخلأا
 ضرعت  امك  .ةيدوعسلا  ةيبرعلا  ةكلملما  يف  اهمادختسا  متي  ىتح
 للاخ  نم  ةباصلإا  لبق  ةيلقعلا  تاردقلا  ليلحتل  ةقيرط  ةساردلا
 ىلإ  ءوجللا  نود  نمو  اهيلع  لوصلحا  تم  يتلا  ةيرايعلما  تانايبلا
.ةيظفللا سيياقلما
Objectives: There are 2 aims for this study: first, 
to collect normative data for the Wisconsin Card 
Sorting Test (WCST), Stroop test, Test of Non-verbal 
Intelligence (TONI-3), Picture Completion (PC) and 
Vocabulary (VOC) sub-test of the Wechsler Adult 
Intelligence Scale-Revised for use in a Saudi Arabian 
culture, and second, to use the normative data provided 
to generate the regression equations.
Methods: To collect the normative data and generate 
the regression equations, 198 healthy individuals were 
selected to provide a representative distribution for 
age, gender, years of education, and socioeconomic 
class. The WCST, Stroop test, TONI-3, PC, and VOC 
were administrated to the healthy individuals. This 
study was carried out at the Department of Clinical 
Neurosciences, Riyadh Military Hospital, Riyadh, 
Kingdom of Saudi Arabia from January 2000 to July 
2002.
Results:  Normative data were obtained for all tests, 
and tables were constructed to interpret scores for 
different age groups. Regression equations to predict 
performance on the 3 tests of frontal function from 
scores on tests of fluid (TONI-3) and premorbid 
intelligence were generated from the data from the 
healthy individuals.
Conclusions: The data collected in this study provide 
normative tables for 3 tests of frontal lobe function and 
for tests of general intellectual ability for use in Saudi 
Arabia. The data also provide a method to estimate pre-
injury ability without the use of verbally based tests.
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Card Sorting Test (WCST), Stroop, Vocabulary (VOC) 
and Picture Completion (PC) sub-test of the Wechsler 
Adult Intelligence Scale-Revised (WAIS-R) with 
normative data for the Saudi healthy population will be 
very helpful. First, these tests will help the psychologist 
and neuropsychologist working with Saudi individuals 
who have Arabic as their first language. Secondly, 
these tests will give us the chance to improve the care 
of patients. Thirdly, to generate regression equations 
from premorbid and fluid intelligence tests to predict 
scores on the neuropsychological assessments, and to 
compare these predicted scores from the premorbid and 
fluid intelligence tests to the scores obtained from the 
neuropsychological assessments in healthy individuals.
Three categories of tests were chosen to be modified 
for Saudi individuals. The first category consists of 
neuropsychological tests known to be sensitive to 
frontal lobe dysfunction. These tests are the WCST and 
the Stroop test.1,2 The second category consists of the 
Test of Nonverbal Intelligence (TONI-3), a test that is 
thought to measure the fluid intelligence or ‘g’.3 The 
third category consists of the PC and VOC sub-tests 
of the WAIS-R, both of which are thought to measure 
premorbid intelligence (PI).4 
Starting with the first category, the WCST was 
originally developed by Berg5 to assess the ability to 
identify abstract categories and the ability to shift 
cognitive strategies. The first investigators to use the 
WCST in humans to examine the effects of frontal 
lobe lesions were Teuber, Battersby, and Bender6 in 
1951. In these early days, the WCST was used to test 
conceptual ability and abstract thinking, abilities 
thought to be impaired after damage to the frontal 
lobes, and the critical measure from the WCST during 
this time was the number of categories completed by 
participant as described above. Later, Milner7 in 1963 
observed that individuals with lesions to the frontal 
lobes made a particular type of error on the WCST, 
which is the perseverative error. Milner’s results with 
perseveration were replicated by other investigators.8-11 
The perseverative errors score is the most sensitive and 
significant indicator to differentiate between frontal and 
nonfrontal groups. According to Milner7 and Nelson,12 
the most significant measure of both the original 
WCST and the Modified Card Sorting Test (MCST) 
is the percentage of errors that are perseverative. The 
percentage of perseverative error scores on the WCST 
is the proportion of all the trials that are perseverative 
errors. It is worth mentioning here that the MCST was 
developed by Nelson in 1976.12 The differences between 
the WCST and the MCST is that in the MCST, there 
are 24 cards in each set and Nelson changed the method 
by removing some cards that share more than one 
aspect with the stimulus card to remove the possibility 
of having an ambiguous response by the participant. 
Also, the sorting principles have been changed to be 6 
right responses to complete the category, and then the 
examiner will tell the participant to find another rule 
to sort the next category. Although there are differences 
between the 2 versions of the card sorting tests, they are 
almost measuring the same performance quality.12,13
The Stroop test consists of 3 cards. During this test, 
the participant is presented with these 3 cards. Two 
cards have columns of words, and each word is the 
name of a color. On one card the words are printed in 
black ink. On the other card, the words are printed in 
colored ink, but never in the same color as represented 
by the word. A third card has columns of XXXXs, 
printed in colored ink. The main point of the Stroop 
test is that it takes longer to say the color of the ink that 
a word is printed in than it takes to read the word. This 
task is more difficult when the word is a color that is 
different from the color of the ink in which it is printed. 
The semantic meaning of the word interferes with the 
naming of the color of the ink. The interference score 
from the Stroop test will be used in the present study 
because is thought to be the most sensitive measure of 
frontal lobe dysfunction. Stroop carried out the original 
version of the Stroop test,14 and used 5 colors in the test. 
Later investigators used 3, 4, and 5 colors.15,16 There is 
considerable evidence that performance on the Stroop 
test is affected by damage to the brain, and the test is 
very sensitive to brain damage as has been reported by 
many investigators.3,17-21
The second category consists of the TONI-3, which 
is a test that is thought to measure the fluid intelligence. 
The TONI-3 is a nonverbal intelligence test and does 
not require an individual to be able to have speech or to 
have specific language. It requires from the individual 
only that he or she uses his/her finger to point to the 
response. The nonverbal tests have 3 essential features. 
The first feature is that the individual does not respond 
to questions on the basis of his/her past experiences. The 
second feature is that questions require an individual to 
apply reasoning strategies to the problems on the test. 
The third feature is that multiple strategies are usually 
required, and the individuals must be able to change 
these strategies when the problems start to be more 
difficult. The nonverbal test is often used as a test of 
intellectual ability for individuals who have difficulty or 
a disability in language or speech, for individuals who 
are from a different culture, and for individuals who 
have hearing problems. It is also useful for individuals 
suffering from strokes or any brain insult, because such 
a test will remove the load of the verbal responses. 
Although there are many nonverbal intelligence tests 
like Raven’s Progressive Matrices and the Cattell’s 
Culture Fair, the TONI-3 was chosen for this particular 
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study because it is comparable to other tests of fluid 
intelligence and has been in use in Saudi Arabia for a 
long time with no Saudi norms available to interpret 
the scores obtained. In 1997, the TONI-3 test was 
developed, and they collected new normative data for 
TONI-3.3 They normed the TONI-3 on a sample of 
3,451 people from different parts of the United States. 
This third edition has 2 equivalent forms, and each 
form contains 45 items arranged in order of difficulty 
plus 5 items for practicing in the beginning of the 
picture book. The normative data span the age range 
between 6 years and 89 years and 11 months. The 
authors claim that they designed this test not to fit in 
one specific theory of intelligence, but to be a strong 
test to measure the general intelligence. They focused 
on abstract reasoning and problem solving to allow 
a good measure of g, or fluid ability. They correlated 
the results of TONI-3 with the results of 3 intelligence 
tests: the Wechsler Intelligence Scale for Children (third 
edition), the WAIS-R, and the Comprehensive Test of 
Nonverbal Intelligence (CTONI).21-23 Performance 
on the TONI-3 correlates in the moderate to high 
range with performance on these tests. Scores on the 
performance scale of the WAIS-R correlate at 0.75 and 
0.76 with Forms A and B of the TONI-3, and the Full 
Scale IQ scores of the WAIS-R correlate at 0.73 and 
0.71 of Forms A and B of the TONI-3. Scores on the 
TONI-3 appear to be strongly associated with scores on 
other tests of intellectual ability.
The third category consists of the PC and VOC 
sub-tests of the WAIS-R, both of which are thought 
to measure PI. The PC and VOC are sub-tests of the 
WAIS-R. The WAIS-R 1981 is the updated version of 
the WAIS that was developed in 1955.24,25 The WAIS-
R measures general intelligence and is commonly used 
by psychologists. It is composed of 11 sub-tests, and 
these sub-tests can be grouped into 6 verbal and 5 
performance subtests. The verbal sub-tests measure our 
store of knowledge (crystallized intelligence), and all the 
performance sub-tests except PC measure our ability 
in solving new problems (fluid intelligence).4,24 Each 
sub-test has items ranging from easy to increasingly 
more difficult. The VOC sub-test was chosen because 
it is claimed to be the best single measure of PI.26-29 
Because the VOC sub-test had to be translated, it was 
not sure if the resulting Arabic version of the VOC 
subtest would be an adequate measure of PI, so a second 
test of PI, PC, was also administered. Another good 
reason to include the PC in this study as a premorbid 
sub-test is because of the need for such nonverbal tests 
for clinicians to use as predictor with their patients 
with speech or language problems. The VOC and PC 
sub-tests were chosen in this study because the VOC 
and PC are highly correlated, and many investigators 
reported that performance on both these sub-tests is 
highly resistant to brain damage.4,26,30-33 Also, the VOC 
and PC were suggested be the best subtests of the 
WAIS-R to predict PI for normal participants between 
16-74 years of age, and also to predict pre-injury 
intelligence for participants with brain damage.33,34 
More investigators have confirmed these findings, and 
added new equations for participants older than 75 
years of age by using the VOC and PC sub-tests with 
high reliability.35,36 The VOC sub-test of the WAIS-R 
consists of 35 English words as items, and each item is 
scored 2, 1, or 0. The maximum score is 70 points. The 
instructions to administer this test are very simple. For 
participants with poor verbal ability, the examiner starts 
with the first item. For other participants, the examiner 
starts with the fourth item. The test is discontinued 
after 5 consecutive failures (responses scored as zero). 
The original version of the PC sub-test of the WAIS-R 
contains 20 cards printed with a picture and bound into 
a booklet. Each picture has one important missing part. 
The participant is allowed 20 seconds to give the name 
or to point to the missing part. If the participant does 
not indicate the missing part, the item is scored (zero) 
as a failure, and the next card will be presented. After 
5 consecutive failures, the test is discontinued. Scoring 
will be one point for each correct response, and the 
maximum score is 20 points.
As we mentioned earlier, there were problems with 
usage of some of these tests in Saudi Arabia, and none 
of these tests have been modified for the Saudi Arabian 
population. The non-verbal tests (WCST, TONI-3, 
and PC) are not a problem, because the only verbal 
components are the instructions. However, the other 
tests (Stroop and VOC) involve language. There are 
2 problems with them, first is the dissimilarity in the 
language and second is the validity of the test in the 
Arabic culture (solving these problems will be seen in 
the methods section).
Methods. This study included 198 healthy 
volunteers, and the number of the male participants 
(N=99) was equal to the females (N=99). All participants 
were recruited through the Riyadh Al-Kharj Hospital 
Program (RKH) and from the Medical Services 
Department (MSD), Riyadh, Kingdom of Saudi Arabia 
between January 2000 and July 2002. All participants 
were right handed according to the Annett Handedness 
Questionnaire that has been translated to Arabic and 
used in an earlier study.37,38 Participants were divided 
into 3 different age groups: i) from 16-30 years of age, 
ii) from 31-50 years of age, and iii) from 51-65 years 
of age, and each group has 66 participants. Healthy 
participants were recruited on the basis of the following 
inclusion criteria. These participants had to belong to 
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the Saudi community, and to be Arabic native speakers, 
to be between 16-65 years of age, to have received 
education at Primary class and above, to have intact 
vision, and not be color blind, to be from different 
socio-economic backgrounds, and to have no history 
of hospitalization due to head injury, mental illness, 
stroke, alcoholism, or any other neurological problem, 
and not currently be on any psychotropic medication. 
All participants were from different levels of education 
and from different social-economic backgrounds (class 
1, 2, 3, 4, and 5) as shown in Table 1. The definition of 
social class was based on occupation, as defined by the 
Great Britain Office of Population Censuses and Surveys 
(1991).39 A 5-level social class system adopted from this 
census was used: (1) professional, (2) managerial, (3) 
skilled, non-manual and manual, (4) partly skilled, and 
(5) unskilled. The following tests were used: 
The PC sub-test of WAIS-R. The original version 
of the PC sub-test of the WAIS-R contains 20 cards 
printed with a picture and bound into a booklet. Each 
picture has one important missing part. The participant 
is allowed 20 seconds to give the name or to point to 
the missing part. If the participant does not indicate 
the missing part, the item is scored (zero) as a failure, 
and the next card will be presented. After 5 consecutive 
failures, the test is discontinued. Scoring will be one 
point for each correct response, and the maximum 
score is 20 points. Nothing was changed in this subtest, 
except for the instructions, which had been translated 
to the Arabic language from the manual of the test and 
all participants received the Arabic instructions. 
The VOC sub-test of WAIS-R. There was a problem 
as we mentioned earlier with using this test in the 
English language. The original version of the VOC 
sub-test of the WAIS-R consists of 35 English words. 
Each item is scored 2, 1, or 0 (see the manual of the test 
for the scoring principles and sample responses). The 
maximum score is 70 points. The test is discontinued 
after 5 consecutive failures (responses scored zero). All 
the English words in the original English version were 
translated to Arabic. In translating, we found that there 
were sometimes 4 or 5 words in the Arabic language 
for some English words, and all these words had similar 
meanings, but most of them were not commonly used. 
To help in the selection of the appropriate words, we 
consulted 5 different Arabic-English linguists. We 
explained the nature of the test, and we asked them to 
choose the most useful Arabic words, while considering 
2 points: first, to chose only original Arabic words that 
are in the Arabic dictionary, and second, to arrange all 
the Arabic words in order of difficulty as provided in 
the English version. An Arabic translation of the same 
instructions and the original scoring methods was used. 
In addition, a potential measure of PI was obtained by 
adding the raw scores of the PC and VOC subtests. In 
fact, Lucas used VOC + PC as an estimate of PI and 
called it the Sydney Premorbid Intelligence Estimate 
(SPIE). They found that the SPIE was the best predictor 
of premorbid ability.40,41
The TONI-3 forms A and B. The TONI-3 items are 
in a picture book, and every page contains one item. 
This picture book is placed between the subject and 
the examiner. The instructions provided in the manual 
are given to the test subject. There is no time limit for 
this test. We used the same original test booklet and the 
Arabic instructions.4 
The Stroop test. We used the Arabic Version of 
the Stroop test that has been modified for the Saudi 
population.42 
The WCST. We used the original version with original 
instructions translated into the Arabic language.5
Recruitment of participants was from the RKH 
Program and from the MSD of RMH. We had 
an introductory letter from the Program Director, 
directed to the RKH and MSD Personnel Department, 
explaining the nature of the project. We obtained a list 
of their Saudi employees with reference to their jobs, 
ages, and qualifications, and we obtained permission 
for these individuals to attend the screening sessions 
at specific times. Individuals (n=198) from RKH and 
the MSD were selected according to the recruitment 
criteria. These individuals were approached on a 
personal basis, and were given a full explanation of the 
project, and a description of the tests that were to be 
administered with signed informed consent. Ethical 
permission to proceed with the study was provided 
by the Hospital Ethics Committee (code 256). The 
participant’s biographical data were then obtained. 
Administration of the test was randomised by using a 
list of patterns generated by a BASIC program. These 
patterns allowed us to vary the order of the tests for each 
individual. These tests were: VOC sub-test of WAIS-R, 
PC sub-test of WAIS-R, TONI-3 forms A and B, Arabic 
Stroop test, and WCST. This session lasted from 60-90 
minutes with a 15 minutes coffee break, provided that 
Table 1 - Number of participants according to socio-economic level and 
educational level.
SOCIOECONOMIC CLASS
Class 
One
Class 
Two
Class 
Three
Class 
Four
Class 
Five
30 58 62 39 9
EDUCATIONAL LEVEL
Primary Secondary High 
School
Diploma 3-4 years 
University
5-6 years 
University
7+ years 
University
17 35 58 10 47 7 24
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the individual was not exhausted or tired. The statistical 
analysis comprised t-test, ANOVA, and ANCOVA and 
was performed with the Statistical Package for Social 
Sciences (SPSS Inc., Chicago, IL, USA) version 10 for 
windows. 
Results. The abbreviated names for all the test 
measures are provided in Table 2. It will be more 
useful to go through this table as a first step for easier 
understanding of the following results. It is also useful 
to introduce the Arabic verbal fluency (VF) test scores 
that were previously carried out to generate regression 
equations for future studies.37,38 
Distribution of scores. The distribution parameters 
for each measure using criteria of (-1 or +1) for 
Skewness showed that most variables are normally 
distributed except, the number of categories obtained 
on the WCST are not normally distributed, therefore, 
the categories of the WCST were analyzed separately 
using a nonparametric test (Kruskal-Wallis test), the 
Spearman correlation test was also used. Association of 
test performance with demographic variables shows that 
years of education and socio-economic class correlate 
significantly with all variables. The correlations range 
from -0.279 to 0.784. The results demonstrate that 
good performance on all tests is positively associated 
with the number of years of education and high 
socio-economic class. An apparent exception is that a 
high number of correct responses on the WCST are 
associated with lower socio-economic class. Age is also 
correlated significantly with years of education and 
most psychological variables. The correlations range 
from -0.113 to 0.505, except with the VOC sub-test 
of WAIS-R and the number of correct responses on 
the WCST. In addition, Table 3 shows the mean and 
standard deviation for the test raw scores. Two-way 
ANOVA showed no effects of gender on performance 
on all tests after all test scores were transformed to Z 
scores. There were no effects of test, gender, nor any 
interaction.  
Association between age groups and test performance. 
Due to the significant correlations between the different 
demographic variables and between the demographic 
variables and test performance, any correction for the 
effects of age alone could be compounded by the effects 
of years of education and socioeconomic status. To avoid 
these confounding effects, the test scores that we used 
to correct for age were not the original test scores, but 
the estimated marginal means scores covariated with 
years of education and socioeconomic status. These 
estimated means and standard errors are provided in 
Table 2 - Description of the names of tests.
Short name Full name description
VOC
PC
PI
WCST-tc
WCST-te
WCST-pr
WCST-pe
WCST-npe
WCST-cat
WCST-ppe
VF-1
VF-2
Stroop-w
Stroop-c
Stroop-cw
Stroop-prdcw
Stroop-int
TONI-3A
TONI-3B
Vocabulary sub-test of WAIS-R
Picture Completion sub-test of WAIS-R
VOC + PC = Premorbid intelligence
Wisconsin card sorting test total correct responses
Wisconsin card sorting test total error responses
Wisconsin card sorting test perseverative responses
Wisconsin card sorting test perseverative errors
Wisconsin card sorting test non-perseverative errors
Wisconsin card sorting test categories
Wisconsin card sorting test percent perseverative errors
WCST-ppe = (WCST-pe / (WCST-tc + WCST-te))
Verbal Fluency test 1 (total of letters: waaw, raa, and taa)
Verbal Fluency test 2 (total of letters: siin, daal, and qaaf )
Stroop test word naming
Stroop test color naming
Stroop test word-word naming
Stroop test predicted word-word naming
(prdcw = ((Stroop-c*Stroop-w) / (Stroop-c + Stroop-w))
Stroop test interference (into = (Stroop-cw – stroop-prdcw))
Test of non verbal intelligence third edition form A
Test of non verbal intelligence third edition form B
Table 3 - Mean and standard deviation (SD) for the test’s raw scores for 
males and females. 
Tests Male Female
Mean SD Mean SD
VOC
PC
PI
VF-1
WCST-tc
WCST-te
WCST-pr
WCST-pe
WCST-npe
WCST-cat
WCST-ppe
Stroop-w
Stroop-c
Stroop-cw
Stroop-int
TONI-3A
63.27
15.21
78.48
36.23
77.16
26.01
19.47
15.17
10.87
  5.84
14.33
85.61
66.65
41.63
  4.19
28.37
  3.62
  1.40
  4.81
  3.98
10.07
  9.16
  8.07
  6.25
  4.54
  0.40
  4.40
14.17
13.71
  8.57
  2.18
  3.09
62.87
15.18
78.05
35.29
81.12
26.37
20.09
15.52
11.02
  5.81
14.20
84.24
64.50
40.97
  4.48
28.70
  3.96
  1.51
  5.29
  4.25
10.29
  7.20
  6.50
  4.99
  3.59
  0.42
  3.28
14.55
14.44
  9.60
  2.89
  3.77
Table 4 - Performance (mean estimate and standard error) on each 
measure according to age group.  The mean estimate and the 
standard error for the following tests before the age correction 
with class and education were used as covariates.
Tests Age group
16-30
Age group
31-50
Age group
51-65
Mean Std. Error Mean Std. Error Mean Std. Error
VOC
PC
PI
VF-1
Stroop-w
Stroop-c
Stroop-cw
WCST-tc
WCST-pr
WCST-te
WCST-pe
WCST-npe
TONI-3A
62.9
15.4
78.3
36.2
88.0
68.5
42.9
80.4
17.5
23.8
13.0
10.7
28.9
0.329
0.111
0.409
0.352
1.110
1.090
0.686
1.055
0.722
0.793
0.521
0.478
0.292
63.4
15.5
78.9
35.9
86.9
67.7
42.8
75.9
18.9
24.5
14.4
10.2
28.5
0.327
0.111
0.405
0.349
1.100
1.080
0.681
1.047
0.717
0.787
0.516
0.474
0.290
62.9
14.7
77.6
35.1
79.9
60.4
38.1
81.1
23.0
30.3
18.5
11.9
28.2
0.328
0.111
0.407
0.351
1.100
1.090
0.683
1.050
0.719
0.790
0.518
0.476
0.291
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Table 4. The scores for WCST-cat are absent from this 
table, and different analyses and tables will be provided 
later for WCST-cat. It is the estimated means presented 
in Table 4, corrected for the effects of years of education 
and socioeconomic status that were used to make the 
correction for age alone. Between the 3 age groups, 
using the years of education and socioeconomic class 
as covariates, most of the tests scores were significantly 
different, except on the VOC, PI, TONI-3A, and Verbal 
Fluency (VF-1) tests.
Multiple post hoc comparisons were carried out 
using the Sidak correction (as recommended by Field).43 
Table 5 shows the significant values for performance on 
the different tests between different age groups. Between 
the youngest 16-30 and the middle 31-50 age groups, 
the only difference was on WCST total correct. Between 
the 16-30 and 51-65 age groups, the differences were 
seen on WCST-pr, WCST-pe, and WCST-te. Also there 
are changes between the 31-50 and 51-65 age groups 
on most of the WCST (WCST-tc, WCST-pr, WCST-
pe, and WCST-te). The interference measures on the 
Stroop test show changes between the 31-50 and 51-65 
age groups (Stroop-w, Stroop-c, and Stroop-cw). On 
the PC, there are changes between the youngest and the 
oldest age groups (16-30, 51-65) and the between the 
middle and the oldest age group (31-50, 50-65).
For the WCST-cat, a nonparametric Kruskal-Wallis 
test of variance was carried out between the WCST-cat 
and the 3 age groups. The results of the analysis in 
Table 6 show the mean rank for each age group, and 
show that the Kruskal-Wallis test indicates significant 
differences between the median of the 3 age groups 
and their performance on the WCST-cat. Because of 
this significance, pair-wise comparisons were carried 
out using the Mann-Whitney test. As seen in the same 
table, all of the 3 age groups differ from each other. 
With aging, people are more likely to achieve fewer than 
6 categories, but most people still achieve 6 categories. 
Although the median number of categories completed 
in each age group is 6, older people are more likely to 
complete fewer categories than younger people. Because 
the median number of categories is the same in each 
age group, a correction for age was not applied for the 
WCST-cat. 
Due to the difference in performance with age on 
most other tests, the age of the individual completing 
the test should be taken into consideration when 
interpreting any normative score. To correct the age 
group differences, we subtracted the mean estimate 
score (education and class used as covariates) of the 
age group affected from the score of the age group 
with the highest mean (which was mostly the youngest 
age group) and added that difference to the affected 
age group. For example, for the Stroop-w, the mean 
performance for each of the 3 age groups is 88, 86.9, 
and 79.9. To correct the scores for the 51-65 age group, 
we subtracted the mean score for this group from the 
mean score of the group with the highest mean score, 
which is the youngest age group (88-79.9=8.1) and 
added the rounded difference (to remove the age effect) 
to the score of the 51-65 age group, or added 8 points 
to the raw score. As the 51-65 age group is almost 8 
points lower than the scores of the other 2 age groups, 
the mean of the oldest age group was subtracted from 
the mean of the youngest age group. 
Table 5 - Significance values of multiple comparisons Sidak test 
comparing performance on tests between different age groups.
Tests 16-30 vs. 31-50 16-30 vs. 51-65 31-50 vs. 51-65
VOC
PC
PI
VF-1
Stroop-w
Stroop-c
Stroop-cw
WCST-tc
WCST-pr
WCST-te
WCST-pe
WCST-npe
TONI-3A
0.704
0.843
0.695 
0.936
0.860
0.937
0.997
0.008
0.479
0.909
0.173
0.778
0.693
> 0.999
< 0.001
0.519
0.103
< 0.001
< 0.001
< 0.001
0.952
< 0.001
< 0.001
< 0.001
0.211
0.329
0.686
< 0.001
0.076
0.290
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
0.025
0.921
Table 6 - Performance (mean rank) on WCST-cat according to age 
group.  
WCST-cat
Age group
16-30
Age group
31-50
Age group
51-65
Mean rank Mean rank Mean rank
111.55 100.90 86.05
Kruskal-Wallis test for the test below
WCST-cat
Degrees of 
freedom
Chi-square Significance
2 15.787 <0.001
Significance values of multiple comparisons Mann-Whitney test 
comparing performance on test between different age groups.
WCST-cat
16-30 vs. 
31-50
16-30 vs. 51-65 31-50 vs. 51-65
0.040 <0.001 0.042
Frequencies, number of categories completed and the median number of 
categories completed on the WCST for each age group.
Age groups
16-30 31-50 51-65
Number of 
participants
3 63 1 9 56 1 19 46
Number of 
categories 
completed
5 6 4 5 6 4 5 6
Median 6 6 6
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Table 7 shows how to carry out the age corrections 
for every single test (to enable the examiner to interpret 
the scores obtained on any test by using the percentile 
norms tables provided later), but not for WCST-cat. 
The means and standard deviations from the descriptive 
statistics obtained for the 3 age groups after correcting 
the age for all by using the ANCOVA test shows no 
differences in the mean scores between the 3 age groups 
after the age correction.
Percentile norms for each neuropsychological test. 
Percentile norms tables (age corrected) are available now 
for individuals living in a Saudi Arabian culture. Table 
8 shows the percentile norms for the Arabic version of 
VOC, PC, PI (VOC+PC) sub-tests of WAIS-R that can 
be used as measurements of PI, TONI-3 test (form A 
and B), VF-1, and Stroop test (interference). Percentile 
norms for the Arabic versions of the WCST are shown 
in Table 9.
Table 7 - Corrections for age for the scores on all tests must be carried out before using the percentile norms tables.
Tests Age group
16-30
Age group
31-50
Age group
51-65
TONI-3A
WCST-tc
WCST-te
WCST-pr
WCST-pe
WCST-npe
Stroop-c
Stroop-w
Stroop-cw
VF-1
PC
VOC
PI
WCST-cat
Nothing to add
Subtract 5 points from the total score
Nothing to subtract
Nothing to subtract
Nothing to subtract
Nothing to subtract
Nothing to add
Nothing to add
Nothing to add
Nothing to add
Nothing to add
Nothing to add
Nothing to add if you already added 
the points to PC
Nothing to add
Nothing to add
Nothing to subtract
Nothing to subtract
Nothing to subtract
Nothing to subtract
Nothing to subtract
Nothing to add
Nothing to add
Nothing to add
Nothing to add
Nothing to add
Nothing to add
Nothing to add if you already 
added the points to PC
Nothing to add
Nothing to add
Subtract 5 points from the total score
Subtract 7 points from the total score
Subtract 4 points from the total score
Subtract 4 points from the total score
Subtract 2 points from the total score
Add 8 points to the total score
Add 8 points to the total score
Add 5 points to the total score
Nothing to add
Add one point to the total raw score
Nothing to add
Nothing to add if you already added the 
points to PC
Nothing to add
Note: some of the tests above do not require any age correction
Table 8 - Percentile norms for the Arabic versions of the Vocabulary, Picture Completion, Premorbid Intelligence, TONI-3, 
Verbal Fluency and Stroop  (Interference) (*age corrected), for Saudi individuals between the ages of 16 and 65 
years.
Percentiles Vocabulary
raw scores
Picture 
Completion
raw scores
PI
(VOC + PC)
TONI-3A TONI-3B Total VF-1
counted words
Interference 
scores
>99
95
90
85
80
75
70
65
60
55
50
45
40
35
30
25
20
15
10
  5
<1
70
69
68
68
67
66
66
65
64
64
63
62
62
61
60
60
60
59
58
56
54
19
18
17
17
17
16
16
16
16
16
15
15
15
15
15
15
14
14
14
13
12
88
86
85
85
84
83
82
81
80
79
78
78
77
76
75
75
74
73
72
70
67
39
35
33
31
31
30
30
29
29
30
28
28
28
27
27
26
26
25
24
23
21
40
36
34
33
32
31
31
31
30
30
29
29
28
28
28
27
27
26
25
23
21
46
43
42
41
39
38
37
37
36
36
35
35
35
34
33
32
32
32
31
29
27
12
  9
  8
  7
  7
  6
  6
  5
  5
  4
  4
  4
  4
  4
  3
  3
  2
  2
  2
  1
  0
*To use this table to interpret the scores obtained on the test, age correction has to be carried out first by using the correction 
method for the test on Table 7.
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Table 9 - Percentile norms for the Arabic version of the WCST (*age corrected) for Saudi individuals between the ages of 16 and 65 
years.
Percentiles Correct Total errors Perseverative 
responses
Perseverative 
errors
Non-
perseverative 
errors
Categories Percent  
perseverative 
errors
>99
95
90
85
80
75
70
65
60
55
50
45
40
35
30
25
20
15
10
  5
<1
  57
  62
  64
  65
  66
  68
  69
  70
  72
  73
  74
  76
  77
  79
  81
  83
  85
  87
  91
  94
101
  8
11
15
16
18
19
20
21
22
23
23
24
25
26
27
28
29
31
33
39
43
  3
  7
10
12
13
14
15
15
16
17
18
19
19
20
21
22
24
26
27
31
39
  2
  7
  8
  9
10
10
11
12
12
13
14
14
15
15
16
17
18
19
20
24
27
  2
  4
  6
  6
  7
  8
  8
  9
  9
  9
10
10
11
11
12
12
13
14
16
18
20
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
5
5
5
4
  3
  8
  9
10
11
11
12
12
13
13
14
14
14
15
15
16
16
17
18
21
24
*To use this table to interpret the scores obtained on the test, age correction has to be carried out first by using the correction method 
for the test on Table 7.
The main aim of this study is to collect normative 
data for use in Saudi Arabia for tests of frontal lobe 
function, fluid intelligence and PI, and to develop 
methods to predict the estimate premorbid ability. To 
satisfy the aim, one method of regression was used 
to predict scores from the premorbid and from the 
fluid intelligence scores. This method was the linear 
regression for the prediction of scores on tests of frontal 
lobe function (VF, Stroop, WCST) by using scores from 
one other variable, scores of either premorbid or fluid 
intelligence. Linear regression is to be used for future 
study tests by assessing the ability of tests of fluid and PI 
alone to predict scores on tests of frontal lobe function. 
The aim of this exercise is not to generate the model 
that predicts the most variance, but to investigate how 
much variance is predicted by scores of fluid and PI. 
To allow us to carry out the best comparison between 
performance of frontal lobe tests as predicted by a 
test of fluid intelligence and as predicted by a test of 
crystallized intelligence, it was first necessary to identify 
the test of crystallized intelligence that correlated best 
with the test of fluid intelligence (TONI-3). There were 
2 reasons for doing this. First, it was necessary to have 
2 predictors for the healthy people, one predictor on 
the basis of performance on a test of fluid intelligence, 
and one predictor on the basis of performance on a test 
that estimates PI. Second, if performance on the tests of 
fluid and crystallized intelligence are highly correlated, 
then they can be used in future study to predict scores 
on neuropsychological tests from the performance on 
the premorbid and fluid intelligence tests. There are 
various possible criteria to choose between PC, VOC, 
or PI as a test of PI. One possible criterion is that the 
test is not sensitive to brain injury. Another criterion is 
the extent of similarity of the measure of PI with the 
measure of fluid intelligence, TONI-3. The PC shows 
that is the test with the highest correlation with TONI-
3 (r=0.821), the second was the PI (r=0.790), and the 
third was the VOC (r=0.742). The higher correlation 
between TONI-3 and PC rather than with VOC or PI 
indicates that TONI-3 and PC are more similar than 
TONI-3 and VOC or TONI-3 and PI. To have more 
than one equation from different predictors, PC, VOC 
and PI were selected to be the measures of PI and to 
be used as predictors. Scores from TONI-3, PC, VOC, 
and PI were used to predict scores on the VF-1, Stroop 
interference, and WCST percent perseverative errors 
for the researchers and for future study.
Linear regression equations were generated for 
future study for each test, using the age-corrected 
scores for each variable, and the methods are shown 
in Table 10. Table 11 shows significant values for the 
predicted equations for future study. Table 12 shows the 
predicted equations for VF-1, Stroop, and WCST, and 
the percentage variance accounted for by the equations 
based on PC, VOC, PI, and TONI-3 (for future study). 
Table 13 shows the means, and standard deviations for 
the predicted scores from PC, predicted scores from 
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VOC, predicted scores from PI, and predicted scores 
from TONI-3A, and the obtained scores from the VF-
1, Stroop-int, and WCST-ppe. The results of ANOVA 
tests show no differences between the scores predicted by 
the equations based on TONI-3, PC, VOC, or PI, and 
the obtained scores from VF-1, Stroop interference, and 
WCST percent perseverative errors (for future study).
Discussion. The purpose of this study was to provide 
normative data for WCST, Stroop test, TONI-3, PC 
and VOC sub-tests of the WAIS-R for the Saudi Arabian 
individuals. The availability of the Arabic versions 
of these tests will then be used to generate regression 
equations in future study. It is the time to welcome the 
first Arabic normative data for the WCST, Stroop, VF, 
TONI-3, PC, VOC, and PI tests that are available now 
for Saudi Arabia. These norms are appropriate for use 
in Saudi Arabia for individuals of Saudi origin. Their 
use in other Arabic cultures is possible, but remains to 
be tested. In addition, regression equations have been 
generated to predict the performance on the WCST, 
Stroop, and VF tests on the basis of performance on 
tests of PI and on tests of fluid intelligence.
The norms are described for 3 age groups. The 3 age 
groups were chosen as they reflect 3 periods of change in 
life circumstances in Saudi Arabia. The early age range 
Table 10 - Methods used in the linear regression equations to predict performance on the VF, Stroop, and WCST from crystallized 
or fluid intelligence.
Dependent 
variables Predictors Methods
Variables
R R. Squ. Std. error of the estimateEntered Excluded
VF-1
VF-1
VF-1
VF-1
Stroop-Int
Stroop-Int
Stroop-Int
Stroop-Int
WCST-ppe
WCST-ppe
WCST-ppe
WCST-ppe
PC
TONI-A
VOC
PI
PC
TONI-A
VOC
PI
PC
TONI-A
VOC
PI
Enter
Enter
Enter
Enter
Enter
Enter
Enter
Enter
Enter
Enter
Enter
Enter
PC
TONI-A
VOC
PI
PC
TONI-A
VOC
PI
PC
TONI-A
VOC
PI
-
-
-
-
-
-
-
-
-
-
-
-
0.724
0.717
0.738
0.761
0.685
0.678
0.636
0.672
0.275
0.357
0.305
0.307
0.524
0.515
0.545
0.579
0.470
0.460
0.404
0.452
0.075
0.127
0.093
0.094
2.862
2.889
2.797
2.691
1.825
1.840
1.934
1.855
3.655
3.551
3.621
3.617
R = Correlation, R Squ = R Square 
Table 11 - Significance values for the linear regression equations.
Dependent 
variables Predictors Entered Coefficient B
Std.
Error T
Significance
of the model
VF-1
VF-1
VF-1
VF-1
Stroop-Int
Stroop-Int
Stroop-Int
Stroop-Int
WCST-ppe
WCST-ppe
WCST-ppe
WCST-ppe
PC
TONI-A
VOC
PI
PC
TONI-A
VOC
PI
PC
TONI-A
VOC
PI
PC
TONI-A
VOC
PI
PC
TONI-A
VOC
PI
PC
TONI-A
VOC
PI
(Constant) 
PC
(Constant) 
TONI-A
(Constant) 
VOC
(Constant) 
PI
(Constant) 
PC
(Constant) 
TONI-A
(Constant) 
VOC
(Constant) 
PI
(Constant) 
PC
(Constant) 
TONI-A
(Constant) 
VOC
(Constant) 
PI
   1.986
   2.175
 11.154
   0.862
-15.048
   0.806
-13.817
   0.631
-14.680
   1.244
  -9.419
   0.493
-21.783
   0.419
-21.819
  0.337
 25.524
  -0.756
 25.005
  -0.393
 33.001
  -0.305
  32.137
  -0.234
2.310
0.148
1.719
0.060
3.320
0.053
3.027
0.038
1.473
0.094
1.095
0.038
2.296
0.036
2.086
0.026
2.950
0.189
2.113
0.074
4.298
0.068
4.068
0.052
   0.860
  14.680
   6.487
 14.416
  -4.532
 15.332
  -4.565
 16.413
  -9.968
 13.171
  -8.599
 12.928
  -9.486
 11.528
-10.458
12.708
   8.653
  -3.997
 11.835
  -5.351
   7.678
  -4.480
   7.900
  -4.522
  0.391
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
B = probability of type II error, T = Wilcoxon’s matched pairs signed rank statistics 
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(16-30 years) is the period to complete education (high 
school and university), to find a job, and to save money 
for marriage. The middle age range (31-50) is the period 
to create your own family, to develop your career, to 
plan for the future, and secure the life of your family. 
The oldest age range (51-65) is the period for early 
retirement from service, to create personal business, and 
to enjoy the rest of your life.
There is no reliable census information in Saudi 
Arabia at the present time, so it is difficult to construct 
a picture of socioeconomic levels. However, the British 
census does provide a clear description of socioeconomic 
levels, and this system was adopted for this study. 
It seemed that it would be useful to have stages of 
education that reflected Saudi Arabian society. Many 
individuals, particularly older individuals, have only 
a primary school education. It is in the past 50 years 
or so that education past the primary level has become 
more widespread. The levels of years of education in the 
present study were divided into 7 levels for 2 reasons. 
The first is to have a sample from most of the Saudi 
population especially from the old ages and secondly to 
differentiate between a person with primary level and 
between a person with a doctorate level of education. 
The normative results of the present study can be 
compared to other normative results in 2 ways:  first, 
the values for each variable can be compared to those 
obtained from other studies in other cultures, and 
Table 12 - The equations to predict scores from PC (age corrected), VOC (age corrected), PI (age corrected), and TONI-3A (age corrected) to 
VF-1 (age corrected), Stroop-int (age corrected) and WCST-ppe (age corrected) for future study.
The equations to predict scores 
from PC 
The equations to predict scores 
from VOC
The equations to predict scores 
from TONI-3A
The equations to predict scores 
from PI
VF-1 =
2.175 x (PC) + 1.986
% Variance explained = 52.4 
Stroop-int =
1.244 x (PC) - 14.680
% Variance explained = 47.0
WCST-ppe =
-0.756 x (PC) + 25.524
% Variance explained = 07.5
VF-1 =
0.806 x (VOC) – 15.048
% Variance explained = 54.5 
Stroop-int =
0.419 x (VOC) - 21.783
% Variance explained = 40.4
WCST-ppe =
-0.305 x (VOC) + 33.001
% Variance explained 
= 09.3
VF-1 =
0.862 x (TONI) + 11.154
% Variance explained = 51.5
Stroop-int =
0.493 x (TONI) - 9.419
% Variance explained = 46.0 
WCST-ppe =
-0.393 x (TONI) + 25.005
% Variance explained = 12.7 
VF-1 =
0.631 x (PI) - 13.817
% Variance explained = 57.9
Stroop-int =
0.337 x (PI) - 21.819
% Variance explained = 45.2
WCST-ppe =
-0.234 x (PI) + 32.137
% Variance explained = 09.4 
Table 13 - The means and standard deviation for the predicted scores from PC, the predicted scores from VOC, the predicted scores from PI, the 
predicted scores from TONI-3A, and the obtained scores from the neuropsychological tests. 
Test
Obtained
Scores
Predicted 
Scores from
PC
Predicted 
Scores from
VOC
Predicted
Scores from
PI
Predicted
Scores from
TONI-3A
Mean SD Mean SD Mean SD Mean SD Mean SD
VF-1
Stroop-int
WCST-ppe
35.76
  4.64
13.78
4.14
2.50
3.79
35.76
  4.64
13.78
2.99
1.71
1.04
35.79
  4.64
13.76
3.06
1.59
1.16
35.75
  4.65
13.79
2.96
1.70
1.35
35.78
  4.67
13.74
3.15
1.68
1.17
second, the relationship between these scores and the 
demographic variables (age, gender, education, and 
socioeconomic level) can also be compared. First, the 
mean scores of all tests were compared with the mean 
scores on the original normative data. All the variables, 
with the exception of the number of categories obtained 
on the WCST were distributed normally, so there was 
no floor or ceiling effects other than for the number of 
categories.
The results with the WCST indicate that the pattern 
of the number of categories, correct responses, total 
errors, perseverative errors, and non perseverative 
errors are similar to the results provided by Heaton 
and Boone.44,45 The results with the Stroop test indicate 
that the healthy participants took longer to say the 
color of the word than to read the word, and took even 
longer to say the color of an incongruous color word. 
The results definitely demonstrate the Stroop effect, 
and are very similar to the norms provided by other 
investigators.2,14,46
The results with the TONI-3 test indicate that 
the scores of the healthy participants on forms A and 
B are very similar to the scores described by previous 
investigators.47-49 The results with PC are similar to 
the norms results provided by Kaufman4 and Lezak.27 
However, the VOC results are slightly different. The 
scores in the Arabic Vocabulary version are higher than 
the scores on the original version. This difference is due 
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to the difference in language. Although the words in the 
Arabic version were chosen by Arabic-English linguists, 
the Arabic words looked easier than the English words. 
For example, the word Tirade is a very difficult word in 
the English language, and is still difficult in the Arabic 
language, but may be easier than the English word. 
The increasing difficulty of each item in the Arabic 
version of the VOC subtest was not tested, so the 
version described in this study may be easier. However, 
the holy Qur’an contains many difficult Arabic words, 
and the Muslim people have to read the Qur’an and 
have to understand every single word. It is possible that 
the scores in the Arabic version were higher than the 
scores on the English version because of this familiarity 
with the words of the Qur’an. Despite this, the higher 
mean score VOC versus the distribution of scores is still 
normal, as indicated by the low Skewness score. Also, the 
potential measure of PI obtained in this study by adding 
the raw scores of the PC and VOC subtests showed that 
the combination of these 2 sub-tests is a good measure 
of PI, which is similar to the result obtained by previous 
investigators.40  
Secondly, the effects of demographic variables on 
performance on these tests can also be compared. Four 
demographic variables were considered: age, gender, 
level of education, and socioeconomic level. Two of 
these variables (age, gender) are biological characteristic 
of the individuals, and 2 variables (education and 
socioeconomic level) reflect the individual in a social 
context. Because of the relatively small sample in the 
present study, correction to the norms for any effects 
of these variables was only carried out for the relevant 
biological variable, in this case age. The years of education 
and socioeconomic class were used as covariates to avoid 
any correction for education and socioeconomic class 
when the correction of age was made to the age groups. 
Performance on most tests, with the exception of VOC, 
VF, and TONI-3, was affected by age, and in all tests, 
performance decreased with age. These results are 
identical to those reported in other studies for each of 
the tests, the WCST, the Stroop, and PC.2,4,14,43,46,49-53 It 
is worth mentioning that there was no significant effect 
of age on the performance of the VF test and TONI-
3, but other studies reported the affect of age on the 
performance of VF.54-56 However, evidence from other 
and more recent studies reported that performance on 
the oral VF test (COWAT) does not decline with age 
for subjects up to 90 years old.57-59 There are likely to be 
a number of reasons why the performance on VF in the 
present study showed no association with age. First, the 
version in the present study required the participant to 
go through 3 levels of difficulty. Second, the ANOVA 
comparisons between age groups were covaried for 
the years of education and socioeconomic class. These 
demographic variables affect performance on VF much 
more than age does. Regarding the lack of association 
between age and performance on the TONI-3, previous 
studies have shown an effect of age on TONI-3, but in 
these studies, the effects of age were investigated without 
first correcting for the effects of years of education and 
socioeconomic state, as was carried out in the current 
study.45,60 It is possible then that the effects of age on 
TONI-3 reported in previous studies reflect more the 
effects of years of education, or even socioeconomic 
status, rather than age itself. 
Scores for all these variables were corrected to 
account for the age effects only. There are different ways 
to correct the age, but for the present study, age was 
corrected using the method of Golden2 because it is 
very clear for researchers and clinicians to use.
Performance on all tests was not significantly 
different between males and females. These findings 
are identical to those reported in other studies for each 
test.2,43,46,51
Education and socioeconomic levels affected 
performance on all tests in the present study. Many 
studies have reported similar findings for the WCST, 
the Stroop, VF, TONI-3, PC, and VOC.2,4,43,46,49,51,61,62 
It is because of these effects that the years of education 
and socioeconomic class are used as covariates in this 
study.
In contrast, the Saudi Arabian normative data for 
the WCST, Stroop, VF, TONI-3, PC, VOC, and PI 
tests are very similar to the original versions of these 
tests, and these similarities make the normative data 
presented in this study appropriate for use in Saudi 
Arabia for individuals of Saudi origin. 
Regarding the use of regression, 2 different methods 
of regression have been used in this study for the reasons 
described earlier in the results section. The regression 
equations generated using the PC, VOC PI (as PI tests) 
and TONI-3 (as fluid intelligence tests) all appear to 
predict scores for WCST, the STROOP and the VF 
tests. For each of these tests, there is no difference 
between the 4 predicted scores and the obtained scores. 
The regression equations based on PC, VOC, and PI 
predict a much lower percentage of the variance for 
perseverative errors on the WCST than for words 
produced on the VF task or interference on the Stroop 
test. This result reflects the lower correlations reported 
between tests of PI and perseveration than with 
other measures of frontal lobe function.63,64 Also, the 
regression equations based on TONI-3 predict a much 
lower percentage of the variance for perseverative errors 
on the WCST, but it is a reasonable predictor of scores 
for the Stroop test and the VF test. These equations 
are not for clinical purposes, but for future study. For 
clinical use, regression equations were generated with 
demographic variables in addition to a measure of PI. 
40
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The work carried out in this study has given us the 
chance to achieve 4 aims, to modify the WCST, Stroop, 
VF, TONI-3, PC, and VOC for use in the Saudi Arabian 
culture, to construct normative tables  describing the 
performance on these tests of Saudi people, to generate 
regression equations to predict performance on WCST, 
Stroop, and VF for future study and for clinical usage, 
and to compare these predicted performances to the 
obtained scores. Also, these normative data will give us 
the chance to carry out more studies to investigate more 
neuropsychological studies.
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